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Introduction {#ehf212783-sec-0004}
============

Hyponatremia is the most common electrolyte abnormality in the hospital setting and is associated with higher in‐hospital mortality, 60‐day mortality, and longer length of hospitalization.[^1^](#ehf212783-bib-0001){ref-type="ref"}, [^2^](#ehf212783-bib-0002){ref-type="ref"}, [^3^](#ehf212783-bib-0003){ref-type="ref"}, [^4^](#ehf212783-bib-0004){ref-type="ref"}, [^5^](#ehf212783-bib-0005){ref-type="ref"} These findings have also been shown for patients hospitalized with heart failure (HF).[^6^](#ehf212783-bib-0006){ref-type="ref"}, [^7^](#ehf212783-bib-0007){ref-type="ref"}, [^8^](#ehf212783-bib-0008){ref-type="ref"}, [^9^](#ehf212783-bib-0009){ref-type="ref"}, [^10^](#ehf212783-bib-0010){ref-type="ref"} Despite these associations, the importance of hyponatremia as an influencing factor for acute treatment decisions in acute HF remains equivocal because of a paucity of prospective data. Notably, a previous study found moderate to severe hyponatremia, especially when \<130 mmol/L, was associated with higher loop diuretic dose requirements and more frequent need for diuretic regimen escalation to achieve the same level of urine output as in normonatremic patients.[^11^](#ehf212783-bib-0011){ref-type="ref"} Severity of hyponatremia was also associated with a greater than two‐fold increase in the incidence of diuretic resistance, acute increases in serum creatinine, sustained hypotension, increased length of stay, and in‐hospital mortality. The study raised important questions, including whether alternative treatments such as aquaretics (i.e. vasopressin receptor antagonists) might represent a superior treatment modality for selected patients. Data from subgroups of hyponatremic patients in the Efficacy of Vasopressin Antagonism in Heart Failure Outcome Study With Tolvaptan and Acute and Chronic Therapeutic Impact of a Vasopressin Antagonist in Congestive Heart Failure studies indicated that tolvaptan is effective at raising serum sodium and urine output in these patients.[^12^](#ehf212783-bib-0012){ref-type="ref"}, [^13^](#ehf212783-bib-0013){ref-type="ref"}, [^14^](#ehf212783-bib-0014){ref-type="ref"} In addition, tolvaptan monotherapy was shown to exert a greater effect on urine volume and weight loss than a fixed dose of furosemide in stable New York Heart Association functional class II--III systolic HF patients.[^15^](#ehf212783-bib-0015){ref-type="ref"} However, these were not acutely decompensated patients, and tolvaptan was being compared with oral furosemide. Therefore, there is a need to evaluate the role of aquaresis with tolvaptan as an acute treatment modality for acute HF complicated by hyponatremia. These are clinically challenging patients because of their poor response to loop diuretics and their propensity for adverse effects, and may represent an important niche for alternative diuretic strategies. Therefore, the Aquaresis Utility for Hyponatremic Acute Heart Failure study (NCT02183792) was undertaken to prospectively evaluate the comparative efficacy and safety of a tolvaptan‐based diuretic regimen compared with conventional diuresis with a furosemide‐based regimen on short‐term clinical and treatment outcomes in patients hospitalized for acute HF with concomitant hyponatremia.

Methods {#ehf212783-sec-0005}
=======

Study design and patient population {#ehf212783-sec-0006}
-----------------------------------

A prospective, open‐label, parallel‐group, single‐centre, randomized study comparing a tolvaptan‐based regimen with a conventional continuous infusion loop diuretic‐based regimen of furosemide. Adult patients admitted for acute HF were screened for inclusion from January 2015 to February 2018. They were included if they required hospitalization for acute HF with signs or symptoms of volume overload (i.e. elevated jugular venous pressure, rales, and oedema), a serum sodium \< 135 mmol/L at time of or within first 48 h of hospitalization, and provided informed consent.

Exclusion criteria included severe symptomatic hyponatremia requiring acute treatment, pseudohyponatremia, moderate to severe liver impairment, severe renal impairment upon admission \[estimated glomerular filtration rate (GFR) \< 20 mL/min/m^2^\], renal replacement therapy dependent or required upon admission, acute coronary syndrome on admission, evidence of cardiogenic shock or requiring intravenous vasopressors, pregnant, or concomitant use of strong CYP3A4 inhibitors (clarithromycin, ketoconazole, itraconazole, ritonavir, indinavir, nelfinavir, saquinavir, nefazodone, and telithromycin). The study was approved by the university institutional review board and registered on [clinicaltrials.gov](http://clinicaltrials.gov) (NCT02183792).

Study procedures {#ehf212783-sec-0007}
----------------

Patients were assigned to tolvaptan or continuous infusion furosemide‐based treatment groups based on a computer‐generated 10‐block randomization scheme, stratified for level of hyponatremia (130--134 and \<130 mmol/L). All patients received a bolus of furosemide 20 mg intravenously at study entry if they were diuretic naïve. Patients randomized to tolvaptan were initiated on 30 mg orally once daily (every 24 h). Patients randomized to furosemide were initiated on 5 mg/h administered via continuous intravenous infusion. This fixed dose was chosen as it has previously been shown to be an effective dose for our patient population,[^16^](#ehf212783-bib-0016){ref-type="ref"} and the study was designed prior to the results of the Diuretic Optimization Strategies Evaluation trial being reported[^17^](#ehf212783-bib-0017){ref-type="ref"}. Baseline thiazide diuretics were discontinued during the protocol‐guided diuretic treatment. After the initial 24‐h monotherapy period, escalation of the study treatment regimen for either group was at the discretion of the primary treating physician (encouraged to achieve a minimum urine output of 100 mL/h). Escalation of therapy excluded the initiation of tolvaptan or loop diuretic in the respective contralateral study group. The treating physician was encouraged to increase the dose of the respective study regimen if greater diuresis was required, with the possible addition of metolazone if desired diuresis was not achieved with tolvaptan 60 mg or furosemide 20 mg/h. The doses could also be reduced, however, if the treating physician wished to discontinue tolvaptan or the continuous infusion of furosemide for clinical de‐escalation of diuresis or a switch to bumetanide, this was considered the end of per protocol study treatment.

At the time of randomization, prior diuretic and urine output volume were documented. Fluid balance was extracted from the electronic health records on a daily basis, as nurses in the cardiac intensive care unit were deemed trained and experienced in accurate collection. Baseline vital statistics, basic metabolic panel, as well as blood and urine samples for biomarker analysis (described hereafter) were collected. Body weight was documented. However, because of unreliability of weight assessments at our institution, changes in body weight were not used as a formal endpoint. After the study regimen was initiated, urine output and fluid balance, vital statistics, labs, and samples for biomarkers were obtained at 8, 24, 48, 72, and 96 h, respectively. Patient self‐reported dyspnoea (7‐point Likert scale) was also obtained verbally by a study coordinator at 24 and 96 h (or when the study regimen was discontinued if prior to 96 h) using a set script. Patient‐reported or physician reported adverse events were noted if they occurred. Study procedure timing is outlined in [Supporting Information, *Figure SS1*](#ehf212783-supitem-0001){ref-type="supplementary-material"}.

Biomarker collection and analyses {#ehf212783-sec-0008}
---------------------------------

### Plasma biomarkers {#ehf212783-sec-0009}

Blood samples were obtained for analysis of plasma N‐terminal pro b‐type natriuretic peptide (NT‐proBNP), plasma renin activity (PRA), cystatin C, and copeptin. Cystatin C and PRA were outsourced to Quest Diagnostics. Copeptin was outsourced to Quantigen (Fisher, IL) and assayed using a commercially available immunoassay (Brahms Copeptin Immunoassay, Thermofisher Scientific, Middleton, VA).

### Urinary biomarker {#ehf212783-sec-0010}

Urine samples were collected for analysis of urinary neutrophil gelatinase‐associated lipocalin (uNGAL). Urine NGAL measurements were performed using a commercially available enzyme‐linked immunosorbent assay (Bioporto, Gentofte, Denmark) as published previously.[^18^](#ehf212783-bib-0018){ref-type="ref"}, [^19^](#ehf212783-bib-0019){ref-type="ref"}, [^20^](#ehf212783-bib-0020){ref-type="ref"} The intra‐assay and inter‐assay coefficients of variability are 5.6% and 6.4%, respectively. The lower limit of detection of the assay is 6.5 pg/mL.

### Study endpoints {#ehf212783-sec-0011}

The primary efficacy endpoint was median urine output at 24 h post randomization (continuous variables were initially calculated as mean values but reported as median because of non‐normal distribution). Secondary efficacy endpoints were median urine output and change in serum sodium, assessed at 8, 48, and up to 96 h post randomization. Proportion of patients requiring escalation of study drug dose or the addition of metolazone, and change in self‐rated dyspnoea (Likert scale) at 24 and 96 h, were also compared. The primary safety endpoint was the mean change in serum creatinine (Scr) at 24 h post randomization. Other safety endpoints included change in estimated GFR (estimated from Scr using the Modification of Diet in Renal Disease 4 variable equation) at 24, 48, and up to 96 h post randomization, incidence of acute increases in Scr ≥ 26.5 μmol/L (0.3 mg/dL), and in‐hospital mortality. In addition to the clinical endpoints, changes in PRA, copeptin, NT‐proBNP, cystatin C, and urinary NGAL concentrations were also assessed. Urinary NGAL was standardized to urinary creatinine concentrations.

### Statistical analysis {#ehf212783-sec-0012}

Initial target enrolment was for 50 patients (25 in each group), which provided 93% power to detect a difference of 50% in urine output at 24 h between treatments, *α* = 0.05. The power was calculated based on the magnitude of difference in urine output seen in the Acute and Chronic Therapeutic Impact of a Vasopressin Antagonist in Congestive Heart Failure[^13^](#ehf212783-bib-0013){ref-type="ref"} (24‐h mean urine output for tolvaptan was approximately 4100 ± 2100 mL vs. 2300 ± 1100 mL compared with placebo when added to standard therapy) and in the Udelson *et al*.[^15^](#ehf212783-bib-0015){ref-type="ref"} study (24‐h mean increase in urine output with tolvaptan monotherapy 2600 ± 1500 mL vs. 900 ± 850 mL with furosemide). In August 2017, because of slow enrolment (Food and Drug Administration labelling change excluding hepatic disease and reduction in hospital census), the target sample was reduced to 33 subjects, providing 80% power assuming the same mean difference as before.

Analyses were per protocol (included data only when study subjects remained on study protocol therapy as there was substantial attrition after 48 h). Descriptive statistics were computed for each treatment group. For all comparative analyses between the two treatment groups, chi‐square test (or Fisher\'s exact test) for categorical variables and Wilcoxon--Mann--Whitney test for continuous variables were performed, respectively. All statistical comparisons were conducted using SAS (version 9.4).

Results {#ehf212783-sec-0013}
=======

Study population and study regimens {#ehf212783-sec-0014}
-----------------------------------

During the study period, 242 patients were screened, and 209 met exclusion criteria (see [Supporting Information, *Figure S2*](#ehf212783-supitem-0001){ref-type="supplementary-material"}). A total of 33 subjects were randomized, 18 to tolvaptan and 15 to continuous infusion furosemide. Subjects randomized to tolvaptan were more often female patients and more likely to have HF with reduced ejection fraction. Groups were similar with regard to age, comorbid conditions, and home loop diuretic dose. Comparison of baseline characteristics is presented in *Table* [*1*](#ehf212783-tbl-0001){ref-type="table"}.

###### 

Patient characteristics at baseline

                                                  Tolvaptan (*N* = 18)   Furosemide (*N* = 15)  *P* value
  ---------------------------------------------- ---------------------- ----------------------- -----------
  Age, years                                           53 ± 11.7               59 ± 8.9         0.142
  Male, %                                              11 (61.1)               14 (93.3)        0.046
  Heart failure characteristics                                                                 
  Ischaemic aetiology, %                                5 (29.4)               3 (21.4)         0.698
  LVEF                                                  24 ± 7.2               33 ± 14.3        0.093
  LVEF≥40%, N (%)                                       1 (5.6)                7 (46.7)         0.012
  Comorbid conditions                                                                           
  Coronary artery disease                               2 (11.1)               4 (28.6)         0.365
  Hypertension                                         10 (55.6)               8 (53.3)         0.898
  Dyslipidemia                                          4 (22.2)                1 (6.7)         0.346
  Atrial arrhythmia                                     6 (33.3)               6 (42.9)         0.581
  Diabetes mellitus                                     9 (50.0)               8 (53.3)         0.849
  Chronic kidney disease                                3 (16.7)               3 (21.4)         1.000
  Home medications                                                                              
  Loop diuretic                                        15 (83.3)               12 (80.0)        1.000
  Home oral loop dose (Furosemide equivalents)         93 ± 63.5              109 ± 77.5        0.693
  Thiazide diuretic                                     3 (16.7)               2 (13.3)         1.000
  Beta‐blocker                                         11 (61.1)               9 (60.0)         0.948
  ACE inhibitor                                         9 (50.0)               5 (33.3)         0.335
  ARB                                                   2 (11.1)               2 (13.3)         1.000
  MRA                                                   6 (33.3)               4 (26.7)         0.722
  Digoxin                                               1 (5.6)                 1 (6.7)         1.000
  Antiplatelet                                         10 (55.6)               7 (50.0)         0.755
  Anticoagulant                                         5 (27.8)               4 (26.7)         1.000
  Calcium channel blocker                                0 (0)                   0 (0)          N/A
  Statin                                                7 (38.9)               6 (40.0)         0.948
  Other                                                                                         
  SBP, mmHg                                          102 (94, 114)           108 (92, 142)      0.426
  DBP, mmHg                                           73 (68, 77)             75 (65, 91)       0.600
  HR, bpm                                             83 (77, 95)             82(71, 101)       1.000
  Serum potassium, mmol/L                              4.1 ± 0.5               4.2 ± 0.5        0.636
  Serum albumin, g/L                                     33 ± 4                 30 ± 6          0.137
  White blood cell count, 10^9^/L                      7.6 ± 2.9               9.3 ± 3.5        0.124
  SCr, μmol/L                                     101.7 (77.8, 133.5)     76.9 (67.2, 107.9)    0.093
  BUN, mmol/L                                       9.3 (5.0, 15.0)         7.8(7.1, 12.1)      0.928
  NT‐proBNP, ng/L                                 5,190 (3,834, 9,917)   8,080 (4,488, 12,645)  0.143

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; BUN, blood urea nitrogen; DBP, diastolic blood pressure; HR, heart rate; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT‐proBNP, N‐terminal pro‐B‐type natriuretic peptide; SBP, systolic blood pressure; SCr, serum creatinine

Mean ± SD, median (IQR), or *N* (%).

All subjects remained per protocol to the 24‐h post‐randomization assessments. One subject in each group deviated from study protocol by 48 h. By 72 and 96 h, respectively, only eight and seven subjects randomized to tolvaptan remained per protocol, whereas 12 and 11 subjects randomized to continuous infusion furosemide remained per protocol. Attrition from study protocol was due to clinical decisions of the primary treating physician (clinical resolution or diuretic switch to bumetanide). Dose escalation occurred in four subjects in each group after the first 24 h. The median daily dose throughout for tolvaptan and furosemide was 30 and 120 mg, respectively. Metolazone was used in four subjects in the tolvaptan group compared with one in the furosemide group.

Urine output, net fluid balance, and vital statistics {#ehf212783-sec-0015}
-----------------------------------------------------

Prior to randomization, median urine output and net fluid balance were numerically greater in the furosemide group compared with tolvaptan group but did not approach statistical significance due to large variability. There were no significant differences in median urine output or net fluid balance between groups at 24 h or any time point up to 96 h, either cumulatively or for each 24‐h interval. There were no significant differences in median systolic or diastolic blood pressure or heart rate between the groups at any time point. Self‐rated dyspnoea score or proportion of subjects with at least moderate improvement was not different between groups at 24 or at 96 h or study drug termination (data not shown). Urine output and fluid balance comparisons are summarized in *Figures* [*1*](#ehf212783-fig-0001){ref-type="fig"} and [*2*](#ehf212783-fig-0002){ref-type="fig"}. Vitals are summarized in [Supporting Information, *Table S1*](#ehf212783-supitem-0001){ref-type="supplementary-material"}.

![Median daily urine output.](EHF2-7-1927-g001){#ehf212783-fig-0001}

![Median daily net fluid balance.](EHF2-7-1927-g002){#ehf212783-fig-0002}

Renal function, electrolytes, and biomarkers {#ehf212783-sec-0016}
--------------------------------------------

Renal function at time of randomization, as indicated by Scr concentration and estimated GFR, was numerically but not statistically better in the furosemide group. Scr concentrations decreased modestly in the tolvaptan group, although with the small sample size and variability, the differences compared with furosemide were not statistically significant. Similarly, intergroup differences did not reach statistical significance in estimated GFR or blood urea nitrogen concentrations. Incidence of acute increases in Scr ≥ 26.5 μmol/L (0.3 mg/dL) was rare, regardless of whether or not the definition incorporated a 25% increase over baseline. Renal function endpoints are summarized in *Table* [*2*](#ehf212783-tbl-0002){ref-type="table"} and Supporting Information, *Table S* [*2*](#ehf212783-supitem-0001){ref-type="supplementary-material"}.

###### 

Renal endpoints comparison

                                                       Tolvaptan              Furosemide              *P* value
  ---------------------------------------------------- ---------------------- ----------------------- -----------
  Serum creatinine (μmol/L)                                                                           
  Baseline (*n* = 18 vs. 15)                           101.7 (77.8, 133.5)    76.9 (67.2, 107.9)      0.093
  24‐h change (*n* = 18 vs. 15)                        −7.1 (−12.4, −3.5)     −0.9 (−16.8, 13.3)      0.416
  48‐h change (*n* = 16 vs. 15)                        −15.9 (−27.4, 7.1)     −1.8 (−5.3, 12.4)       0.093
  72‐h change (*n* = 8 vs. 13)                         −17.7 (−33.6, 15.9)    2.7 (0, 19.5)           0.232
  96‐h change (*n* = 7 vs. 11)                         −15.0 (−32.7, 25.6)    9.7 (−9.7, 19.5)        0.205
  Blood urea nitrogen (mmol/L)                                                                        
  Baseline (*n* = 18 vs. 15)                           9.3 (5.0, 15.0)        7.9 (7.1, 12.1)         0.928
  24‐h change (*n* = 18 vs. 15)                        −0.7 (−1.1, 0.4)       −0.4 (−2.5, 0.4)        0.649
  48‐h change (*n* = 16 vs. 15)                        −1.2 (−3.6, 0.5)       −0.4 (−3.2, 1.1)        0.513
  72‐h change (*n* = 8 vs. 13)                         −2.1 (−5.4, 2.1)       0.0 (−1.4, 2.1)         0.363
  96‐h change (*n* = 7 vs. 11)                         −1.1 (−5.0, 3.2)       −1.1 (−2.5, 3.6)        0.555
  Estimated glomerular filtration rate (mL/min/m^2^)                                                  
  Baseline (*n* = 18 vs. 15)                           65.8 (36.0, 98.2)      90.0 (66.0, 107.0)      0.143
  24‐h change (*n* = 18 vs. 15)                        5.75 (2.00, 8.00)      0.80 (−11.20, 13.00)    0.187
  48‐h change (*n* = 16 vs. 15)                        10.50 (−7.15, 13.00)   1.00 (−9.00, 4.00)      0.105
  72‐h change (*n* = 8 vs. 13)                         9.00 (−17.80, 18.00)   −1.00 (−16.00, 0.00)    0.310
  96‐h change (*n* = 7 vs. 11)                         7.00 (−8.00, 15.00)    −3.00 (−19.00, 10.00)   0.173

Median (IQR: 25% and 75% quantile).

Serum sodium and potassium concentrations were not different between groups at the time of randomization. As expected, serum sodium increased in the tolvaptan group, while decreasing in the furosemide group, and the intergroup differences in median change being statistically significant at 48, 72, and 96 h. Changes in serum potassium and magnesium were comparable between the tolvaptan and furosemide groups. Comparison of electrolyte effects are summarized in Supporting Information, *Table S* [*3*](#ehf212783-supitem-0001){ref-type="supplementary-material"}.

As expected, copeptin plasma concentrations increased in the tolvaptan group. Cystatin C decreased in the tolvaptan group, with median change in concentrations being significantly different than furosemide at 24 h, but the difference was lost at 96 h. There was high variability in other plasma and urinary biomarkers measured. As a consequence, there were no detectable differences between tolvaptan and furosemide groups in NT‐proBNP, PRA, or urinary NGAL:Scr concentrations at any time point. Summary of biomarker changes is provided in *Table* [*3*](#ehf212783-tbl-0003){ref-type="table"}.

###### 

Biomarker comparisons

                                        Tolvaptan                Furosemide               *P* value
  ------------------------------------- ------------------------ ------------------------ -----------
  NT‐proBNP (ng/L)                                                                        
  Baseline (*n* = 18 vs. 15)            5,190 (3,834, 9,917)     8,080 (4,488, 12,645)    0.143
  \% change 0--24 h (*n* = 18 vs. 15)   2.28 (−17.74, 14.91)     −15.25 (−53.52, 9.56)    0.187
  \% change 0--96 h (*n* = 7 vs. 11)    15.97 (−45.86, 39.50)    −26.32 (−80.52, 1.12)    0.469
  Cystatin C (mg/L)                                                                       
  Baseline (*n* = 18 vs. 15)            1.16 (0.91, 1.37)        1.03 (0.95, 1.32)        0.691
  \% change 0--24 h (*n* = 18 vs. 15)   −8.56 (−13.68, −5.51)    3.57 (−6.19, 10.99)      0.038
  \% change 0--96 h (*n* = 7 vs. 10)    2.38 (−14.13, 17.91)     1.77 (−7.07, 9.94)       1.000
  Plasma renin activity (ng/mL)                                                           
  Baseline (*n* = 18 vs. 15)            15.25 (1.00, 32.33)      16.88 (6.06, 39.12)      0.986
  \% change 0--24 h (*n* = 18 vs. 15)   −23.31 (−34.79, 29.23)   −16.31 (−40.75, 71.43)   0.396
  \% change 0--96 h (*n* = 7 vs. 10)    −49.22 (−62.96, 12.66)   1.68 (−39.60, 152.38)    0.354
  Copeptin A (ng/mL)                                                                      
  Baseline (*n* = 17 vs. 15)            56.50 (19.40, 65.00)     25.40 (17.30, 54.70)     0.162
  \% change 0--24 h (*n* = 17 vs. 15)   29.30 (−14.96, 55.68)    −9.33 (−24.06, −0.65)    0.059
  \% change 0--96 h (*n* = 6 vs. 11)    35.58 (11.45, 90.15)     −14.32 (−39.31, 4.13)    0.119
  Urinary NGAL:Cr (ng/mL/g)                                                               
  Baseline (*n* = 18 vs. 15)            28.31 (16.58, 135.56)    40.26 (32.29, 73.68)     0.600
  \% change 0--24 h (*n* = 17 vs. 15)   −20.50 (−40.52, −3.74)   −10.49 (−45.12, 50.34)   0.910
  \% change 0--48 h (*n* = 17 vs. 14)   −7.42 (−36.65, 73.95)    −14.20 (−48.34, 51.89)   0.463
  \% change 0--72 h (*n* = 8 vs. 13)    49.37 (−7.24, 123.81)    −24.94 (−35.56, 34.22)   0.089

Median (IQR: 25% and 75% quantile).

Discussion {#ehf212783-sec-0017}
==========

Loop diuretics remain a cornerstone in the management of congestive HF. However, their limitations in efficacy and safety are well recognized. This randomized pilot study provides initial evidence that monotherapy with the vasopressin receptor antagonist tolvaptan may be an effective alternative diuretic strategy for select patients in acute HF, although this study was unable to demonstrate superior efficacy compared with a well‐established regimen of intravenous furosemide.[^16^](#ehf212783-bib-0016){ref-type="ref"} This study was unique in design, as it evaluated tolvaptan as monotherapy in patients with HF that required hospitalization for decongestive therapy. Other studies with tolvaptan in HF have been limited to application as monotherapy in outpatients with chronic stable HF or as an adjunctive therapy to loop diuretics in the hospital setting.

Several prospective, randomized, controlled trials have clearly demonstrated the efficacy of tolvaptan for augmenting diuresis when administered in combination with furosemide for the management of congestive HF symptoms.[^12^](#ehf212783-bib-0012){ref-type="ref"}, [^13^](#ehf212783-bib-0013){ref-type="ref"}, [^21^](#ehf212783-bib-0021){ref-type="ref"}, [^22^](#ehf212783-bib-0022){ref-type="ref"}, [^23^](#ehf212783-bib-0023){ref-type="ref"}, [^24^](#ehf212783-bib-0024){ref-type="ref"} Even the most recent trials of tolvaptan in acute HF, considered negative trials because of unclear benefits on dyspnoea symptoms, demonstrated greater early fluid and weight loss with the addition of tolvaptan to loop diuretics.[^25^](#ehf212783-bib-0025){ref-type="ref"}, [^26^](#ehf212783-bib-0026){ref-type="ref"}, [^27^](#ehf212783-bib-0027){ref-type="ref"}

However, very limited data exist with regard to the utility of tolvaptan as monotherapy. The potential for tolvaptan to be used as an alternative to furosemide was considered in a study by Udelson *et al*.[^15^](#ehf212783-bib-0015){ref-type="ref"} Eighty‐three patients with stable New York Heart Association functional class II--III systolic HF and evidence of congestive symptoms were randomized to tolvaptan 30 mg, furosemide 80 mg, or the combination for 7 days. Tolvaptan monotherapy was associated with a significantly greater daily urine output (approximately 1700 mL/24 h greater than furosemide monotherapy) and decrease in body weight compared with both furosemide or the combination. It differed from the current study as the patients were compensated chronic systolic HF with reduced ejection fraction, and the comparator was furosemide administered orally. Jujo *et al*. conducted a study of 60 patients with acute HF comparing low doses of tolvaptan 7.5 mg once daily to furosemide 40 mg IV once daily for 5 days.[^28^](#ehf212783-bib-0028){ref-type="ref"} Tolvaptan provided comparable daily negative fluid balance. The current study and that by Jujo *et al*. suggest tolvaptan administered orally may provide at least comparable diuresis with intravenous furosemide.

Although we hypothesized that tolvaptan would provide superior diuresis, the current study was unable to detect any difference in total urine output or net fluid balance. The inability to detect a significant increase in diuresis in the current study was surprising but may have been a result of selection of a less severe acute HF population than was evaluated in our retrospective study. Patients generally had mild hyponatremia, and we excluded those requiring vasopressors and inotropes upon presentation, and those with cardiohepatic disease. In addition, the diuretic response to the continuous infusion furosemide was robust, which suggests a more diuretic resistant population was not selected in hindsight.

Safety {#ehf212783-sec-0018}
------

Although rigorous longitudinal outcome data are lacking, conventional decongestion with loop diuretics has been associated with physiologic effects that could have detrimental consequences when accounting for the pathophysiology of HF. This includes development or exacerbation of electrolyte disturbances such as hyponatremia and hypokalemia and acute worsening of kidney function (also known as cardiorenal syndrome type 1). These adverse consequences of loop diuretics are all independently associated with worse cardiovascular outcomes and may complicate acute management decisions as well. Aquaresis with tolvaptan represents a potentially advantageous approach to the management of volume overload in HF. In previous randomized studies, tolvaptan has been associated with a favourable safety profile, devoid of significant effects on serum electrolytes and incidence of acutely worsening renal function.

The safety of tolvaptan as a diuretic is similarly reflected in our study results. In contrast to conventional diuretics, exacerbation of hyponatremia are unlikely with tolvaptan, as serum sodium tended to increase in that treatment group. The study was unable to replicate the renoprotective effects demonstrated in the study by Jujo *et al*.; however, cystatin C transiently improved the tolvaptan group (whether the effect would have been sustained out to 96 h if study attrition had not occurred is unknown). The biomarker data related to neurohormonal activation (i.e. PRA and NTproBNP) or tubular injury (i.e. uNGAL) were inconclusive.

Limitations {#ehf212783-sec-0019}
-----------

The results of this study should be interpreted with limitations of a pilot study in mind and should be considered hypothesis generating until confirmed in larger studies. The sample size was small, and many subjects were discontinued from the study protocol after 48 h, so the results beyond 48 h must be interpreted with caution. The open‐label pragmatic design for titration of therapy also contributed to the frequency of patients being discontinued from the study protocol and potentially introduces bias in the subjective endpoint of dyspnoea rating. The doses evaluated do not allow for determination of comparative effects at higher doses of both drugs, which is common with furosemide after the reporting of the Diuretic Optimization Strategies Evaluation trial.[^17^](#ehf212783-bib-0017){ref-type="ref"} There was high inter‐subject variability in the biomarkers, so there was limited power to detect subtle but possibly clinically relevant differences. The incidence of acute worsening renal function was low in our study but could have been because patients were removed from study protocol treatment if they did not respond. Finally, the requirement for hyponatremia reduces overall generalizability of the results to all patients presenting with acute HF, however, as discussed in the introduction, these patients may represent a subpopulation that may benefit from alternatives to loop diuretics. Despite the limitations, the results support the aquaretic efficacy of vasopressin receptor antagonist monotherapy in HF, which has also been proposed by others.[^29^](#ehf212783-bib-0029){ref-type="ref"}

Conclusions {#ehf212783-sec-0020}
===========

Diuresis with an oral tolvaptan‐based diuretic regimen was similar, but not superior, to an intravenous furosemide‐based diuretic regimen for acute HF in patients with hyponatremia.
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**Figure S1.** Study Procedure Time Points

DC = discontinuation of protocol; NT‐proBNP = N‐terminal pro‐b‐type natriuretic peptide; PRA = plasma renin activity; uNGAL = urinary neutrophil gelatinase‐associated lipocalin
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**Figure S2.** Study Population CONSORT diagram
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**Table S1.** Vital Statistics Comparison

**Table S2.** Incidence of Acute Increases in Serum Creatinine

**Table S3.** Electrolyte Changes Comparison
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